Purpose. To assess mid-to long-term outcomes of cementless primary total hip arthroplasty (THA) in younger patients. Methods. Records of 28 women and 34 men (75 hips) aged 18 to 55 (mean, 38) years who underwent primary THA using a hydroxyapatite-coated stem and a threaded cup and had been followed up for a mean of 10 (6-15) years were reviewed. 13 of the patients had bilateral THAs. Clinical and radiographic outcomes were evaluated. Results. After a minimum follow-up of 7 (range, 7-14) years, 12 (16%) of the hips were revised, of which 8 (11%) were for the cup. The causes for revision were late deep infections (n=2), aseptic loosening of the cup (n=4), and polyethylene wear (n=6). No stem was revised for aseptic loosening. Osteolysis was noted in 24 (38%) hips. Of the 63 unrevised hips, the mean Harris Hip Score was 92 (range, 45-100) and the mean D'Aubigne and Postel score was 17 (range, Mid-to long-term outcome of cementless total hip arthroplasty in younger patients 9-18). The survival of the threaded cup was 88% at 10 years, using revision surgery as the end point. 27 (41%) of the hips showed signs of polyethylene wear; 15 were >2 mm. Conclusion. In younger patients undergoing THA, rates of polyethylene wear and pelvic osteolysis are high, and thus long-term follow-up is crucial.
INTRODUCTION
Good surgical technique and choice of implant are crucial for younger patients undergoing total hip arthroplasty (THA) because of their high physical demands and the need for long-term survival of the implant. High revision rates have been reported for cemented implants. [1] [2] [3] There are few long-term studies of cementless hydroxyapatite-coated implants in younger patients. We assessed mid-to long-term outcomes of cementless primary THA in younger patients.
MATERIALS AND METHODS
Records of 28 women and 34 men (75 hips) aged 18 to 55 (mean, 38) years who underwent primary THA between March 1990 and January 2002 and had been followed up for a mean of 10 (6-15) years were reviewed. 13 of the patients had bilateral THAs. The diagnoses for the 75 hips are shown in the Table. The femoral component was cementless, hydroxyapatite (HA) coated, and made of titanium alloy (Corail, Landos Biomecanique, Switzerland). It had a cervicodiaphyseal angle of 135º and had proximal horizontal ridges and distal vertical grooves to provide stability and promote bone ingrowth. The self-locking double taper enabled the proximal fill to enhance mechanical stability and distribute loads evenly. The reduced neck geometry enabled increased range of motion and reduced the risk of impingement. The shortened taper, the high offset, and varus options were also the features. A 28-mm ceramic head (Biolox; Landanger, Chaumont, France) was used.
The titanium-alloy, porous, calcium HAcoated, threaded cup (Tropic, Landos Biomecanique, Switzerland) had 6 screw holes for maximised stability. Its ultrahigh-molecular-weight polyethylene insert with a 10º liner was securely locked with 4 tabs to enhance hip stability and prevent liner dissociation from the shell (Fig. 1) .
12 hips had been operated on previously: 4 for soft-tissue surgery, one for a Steinberg procedure (for avascular necrosis of the femoral head), one for autogenous fibular grafting (for fibrous dysplasia), 3 for osteosynthesis (for femoral neck fractures), and 3 for proximal femoral osteotomies.
THAs were performed by 2 senior surgeons, using a posterolateral approach. Antibiotic prophylaxis with intravenous cefazoline was given, and antithrombotic prophylaxis entailed subcutaneous low-molecularweight heparin started on the night after surgery and continued for 6 weeks. The closed suction drain was removed 48 hours after surgery.
Autogenous bone grafts were used for segmental acetabular defects in 4 hips (2 for developmental dysplasia and 2 for severe osteoarthritis). Acetabular shell fixation with screws was carried out in a hip with development dysplasia.
Intra-operatively, 2 hips sustained fractures of the proximal femur and were stabilised by wires. Another 2 sustained iatrogenic fractures of the calcar but no osteosynthesis was undertaken. One sustained an acetabular fracture for which reason full-weight bearing was delayed. The mean time to full-weight bearing was 7 (range, 3-27) days.
Patients were clinically evaluated by 2 independent observers, using the Harris Hip Score 4 and D'Aubigne and Postel score. 5 The presence of thigh pain, weight-bearing and the use of external supports (walker, crutches or canes) were recorded. 71 hips were assessed in an outpatient setting, and 4 were evaluated by a questionnaire via a telephone interview.
Anteroposterior (AP) and true lateral radiographs were evaluated by a single independent orthopaedic surgeon, so as to avoid inter-observer variability. Radiolucent lines, changes in bone density, cortical hyperthrophy, and heterotopic ossification were analysed by comparing the immediate postoperative radiographs with the follow-up radiographs.
Radiolucency and stress shielding of the stem were classified according to Gruen classification. 6 Osteolysis was estimated using Goetz criteria. 7 Mild osteolysis was 9 Heterotopic ossification was classified according to the criteria of Brooker et al. 10 Sclerosis at the tip of the prosthesis, pedestal sign, calcar changes, resorption of the proximal femur, and reduction of density in the trochanteric region were recorded, as were the Voss effect (positive if the tip of the great trochanter was higher than the femoral head centre, negative if lower, and neutral if the same) and limb-length discrepancy.
Radiolucent lines at the cup were analysed according to the zones described by DeLee and Charnley. 11 Pelvic osteolysis was defined as a round or oval area of bone loss. The true frequency of osteolysis may be higher as some lesions cannot be easily identified. 12 The abduction angle and covering of the cup were checked. Migration (vertical or horizontal) was evaluated, according to Massin et al. 13 The acetabular component was considered loosened when migration was >3 mm or the abduction angle changed >4º. 14 Liner wear was considered remarkable if the gaps from the superior margin of the cup to the edge of the femoral head and from the inferior margin to the femoral head were >2 mm (Fig. 2) . 15, 16 The cumulative survival of the femoral and acetabular components was estimated using the Kaplan-Meier survivorship analysis; the end point was defined as the revision for any component.
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RESULTS
After a minimum follow-up of 7 (range, 7-14) years, 12 (16%) hips were revised, of which 8 (11%) were for the cup. The causes for revision were late deep infections (n=2, one performed in 2 stages and the other converted to a Girdlestone resection arthroplasty owing to health problems), aseptic loosening of the cup (n=4), polyethylene wear (n=6, 2 exchanged the liner and ceramic head after 9 and 11 years, 4 exchanged the cup). No early loosening, stem revision or fracture of the ceramic head was noted. One patient had a cerebrovascular accident, which resolved without consequences.
At the final follow-up in the 63 unrevised hips, the mean Harris Hip Score was 92 (range, 45-100). Clinical outcome was excellent in 44 hips, good in 17, fair in one, and poor in another (this patient had had a previous osteotomy and sustained an intra-operative proximal femoral fracture). The mean D'Aubigne and Postel score was 17 (range, 9-18). Clinical outcome was excellent in 50 hips, good in 8, fair in 4, and poor in one.
Regarding the 63 unrevised hips (52 patients), 31 had no pain, 29 had slight or occasional pain not affecting daily activities, 2 had mild pain, and one had severe pain. Regarding these 52 patients with unrevised hips, 39 could walk without a limp, 10 had a slight limp, and 3 had a moderate limp and used a cane.
Of the 73 hips available for review, stem alignments of 46 were neutral, 21 were varus, and 6 were valgus. 30 hips had decreased bone density at the great trochanter, whereas 18 hips had changes in the calcar. Only 2 hips had a pedestal sign on the stem. 74 hips showed bone ingrowth on the stem, one had a stable fibrous ingrowth, and none was unstable. The Voss effect was positive in 20 hips, negative in 12, and neutral in 41.
Radiolucent lines adjacent to the stem were noted in 28 hips; 15 had them in zone 5, 12 in zone 1, 11 in zone 7, 10 in zone 3, 9 in zone 6, 4 in zone 2, and 2 in zone 4. Mild and intermediate osteolysis occurred in 17 and 11 hips, respectively (Fig. 3a) .
Cortical hypertrophy was noted in 20 hips, often in zones 6 and 7, less often in zones 5, 2, and 3, and none in zones 1 and 4. Half of these hips with hypertrophy involved one zone and half involved >1 zone (Fig. 3b) .
Grade 4 heterotopic ossification was found in one hip, grade 3 in 4, grade 2 in 3, grade 1 in 13, and none in 52. Regarding the 63 unrevised hips, 43 had no limb-length discrepancy, 3 had a mean of 8 (range, 3-14) mm positive dysmetry, and 17 had a mean of 12 (range, 5-28) mm negative dysmetry.
Of the 63 unrevised hips, the mean abduction angle of the cup was 48º (range, 24º-78º). 44 hips showed proper covering of the cup, and 19 showed poor covering owing to anomalies in the acetabulum. Radiolucent lines were noted in 24 cups; 10 occurred in zone 1, 17 in zone 2, and 6 in zone 3. Osteolysis involved one zone in 15 hips and 2 zones in 9; 3-zone involvement was not encountered (Fig. 3c) .
Besides the 6 liners exchanged, 27 hips showed signs of polyethylene wear; 15 were >2 mm (Fig. 4) . Using revision surgery as the end point, survival of the threaded cup was 88% at 10 years (Fig. 5 ).
DISCUSSION
In younger THA patients, higher physical activity or functional demand may increase the rates of mechanical failure and bone destruction. Longterm outcomes of first-generation cemented THAs for younger patient were unfavourable, [18] [19] [20] with revision rates being 10 to 39% after 5 to 12 years. 1, 2, 21, 22 Outcomes improved with the use of new cementing techniques (canal plugging, lavage and drying, and cement pressurisation using an injector gun with proximal femoral seal). 22 As a result, only 8% of stems were revised after 20 years, and only 5% had radiographic signs of aseptic loosening. 1 Nonetheless, the rate of cup loosening remained high (36 to 50% at 10 years). 19, 20, 23, 24 There are few long-term studies on cementless THAs in younger patients. A 97% stem survival rate at 7 years was reported in proximally HA-coated implants. 25 A 4% failure rate was reported in patients younger than 50 years at 8 years, 26 whereas a 2% stem failure rate was reported in patients younger than 45 years. 21 After 10 years, a 2% aseptic loosening rate and an 18% rate of femoral osteolysis were reported in patients younger than 60 years. 27 In our study, no stem was revised for aseptic loosening and the rate of osteolysis was 38%. Mid-term rates of femoral osteolysis range from 7% to 56%. 7, With regard to cementless cups, short-term results were encouraging, [31] [32] [33] However, after 5 years, the reported rates of osteolysis and loosening were 29% and 12%, respectively; titanium heads and a poor locking mechanism of the liner may have contributed to uneven wear. 34 In studies with longer follow-up, more aseptic loosening, polyethylene wear, and requirement for revisions were noted. In a review of 55 Harris-Galante prostheses in younger patients, 35 no acetabular loosening was noted, but the rates of progressive radiolucent lines (6%) and polyethylene wear were high, and 11% needed revision. In a similar report using the Harris-Galante I porous acetabular components, 36 no revisions for aseptic loosening was reported at 8.5 years; the rate of pelvis osteolysis was 7%, and 15% of liners were exchanged. In 82 hips with uncemented HA-coated THAs in younger patients, 37 there were 3 cases of severe acetabular osteolysis and loosening after a mean of 7.3 years. Even worse results have been reported (6% cup revision and 17% acetabular osteolysis rates). 38 Most cases of pelvis osteolysis appeared in patients younger than 50 years.
14 A 10-year survival rate of 43% was reported in 38 hips using Corin C-Fit uncemented THAs. 39 In all age groups, pelvis osteolysis is more commonly associated with cementless acetabular components (with rates of 17 to 46% 12, 40, 41 ) than in cemented ones. 1, 23, 24 The true frequency of osteolysis may be higher because some lesions could be hidden by the metal shell. 12 Osteolysis may lead to polyethylene wear and aseptic cup loosening 42 ; tissues obtained from the site of osteolysis show high levels of polyethylene particles. Multivariate analysis show a significant increase in the rate of polyethylene wear in younger patients with an excellent Harris Hip Score; associations with other variables such as patient gender, weight, femoral neck length, abduction angle or liner thickness were not significant. 14, 40 With regard to threaded cups, a 6% revision rate was reported, but only 2% were revised for aseptic cup loosening; the survival rates for femoral and acetabular components at 10 years were 95% and 98%, respectively. 43 Compared with other HAcoated implants or the Charnley cup, threaded cups achieved excellent results especially with ceramic heads. 31, 44 In 348 threaded cups with smooth surface (221 Mecring and 127 Weill), survival rates of 64% for the Mecring and 76% for the Weill component at 14 years have been reported, although 32% of all cups showed radiolucent lines. 45 However, a high failure rate of threaded porous-coated cups was also reported. 46 In a series with 479 Link V-type threaded cups, a cumulative survival rate of 88% at 10 years was reported. 47 Heterotopic ossification does not seem to be a main problem in HA-coated implants. 48 No surgery was necessary for removing bone in grade-2 and -3 heterotopic ossification.
Functional results of THA are better in older than younger patients. 18, 19, 49 The cumulative survival of the cup at 10 years was 94% in patients older than 50 years and 88% in patients younger than 50 years (using revision as the end point). 
